In this study, the transport and mechanism of Fe(III) ions in acidic solution were investigated by using TOPO as carrier dissolved in kerosene with multi-drop membrane system. The parameters which are important in the transport of Fe(III) ions and their effects on the extraction process have been studied. These parameters are the effects of concentration of HCl solutions of donor phase, concentration of NaCl solutions of acceptor phase, concentration of TOPO solution of organic phase, transfer rate of organic phase, and temperature of the system. The optimum conditions for extraction of Fe(III) ions was conducted as 2.00 M of HCl and 100 mgL -1 Fe(III) ions for donor phase, 
INTRODUCTION
Iron, Fe(II) and Fe(III) ions are found in different rock and soil minerals and are the fourth most abundant element of the earth's crust (Bagheri, et al., 2000) . Iron is one of the most indispensable trace elements for the human body can be found in many enzymes, proteins structure, and acts as cofactor for many cellular metabolism reactions. Iron helps to transport oxygen to all tissues by forming hemoglobin, and deficiencies and excesses in the human body result in various pathological disorders (Nandre et al., 2014) .
Iron plays a role in photosynthesis and important growth nutrients for phytoplankton in the open ocean. Totally dissolved iron in natural water systems varies from 0.20 nmolL -1 on the ocean surface to 400 μmolL -1 in polluted urban areas (Bagheri, et al, 2000) . Unlikely to other fundamental trace elements the human body has capability to bank excess iron to use whenever required, whereas an excess exposure to iron becomes highly toxic because of the formation of reactive oxygen intermediates that result in peroxidative harm to vital cellular structures (Alguacil et al., 2010) . Precipitation as jarosite, goethite or hematite is a general method for the removal of Fe(III) ions from aqueous solutions, solvent extraction is also used for the same purpose (Pośpiech et al., 2005) . Among them, membrane technologies especially liquid membranes show their importance (Alguacil and Alonso, 2000) .
The separation technique that is still developing today is a technique based on liquid membranes. The liquid membrane emulsion technique is known as a double emulsion system. This technique provides a wide and potential range of applications due to its characteristics, such as ease of operation, relatively cheap and efficient operational costs (extraction and backextraction stages in one stage) with high selectivity, and requires a fast extraction time (Hamzah et al., 2011) . This technique has been used by many researchers in the separation (extraction) of various types of compounds and metals (Matsumoto, 1998; Djunaidi and Haris, 2003; Kargari et al., 2004; Othman et al., 2006; Gheorge et al., 2008; Kondo and Basuki, 2008; Praipruke et al., 2012) . The extraction mechanism of the liquid membrane technique is that the molecule or ion to be extracted is initially in the external phase and diffuses to the internal phase through the membrane phase with the aid of the solute carrier molecule (chelating) in the membrane phase.
Fe(III) ions can be transported by using different organic carrier for liquid membrane systems such as organophosphorus acid derivatives of di-(2-ethylhexyl) phosphonic acid (PC-88A) and di-(2-ethylhexyl) phosphoric acid (D 2 EHPA) (Jayachandran and Dhadke, 1997; Lupi and Pilone, 2000; Biswas and Begum, 2001) . The neutral carriers used are methyl isobutyl ketone (MIBK), tributyl phosphate (TBP), trioctyl phosphine oxide (TOPO), and Cyanex 923 (Saji et al., 1999; Alguacil and Martinez, 2000; Gupta et al., 2001; Saji and Reddy, 2001; Fu et al., 2004,) . Especially, TOPO is applied for supported liquid membrane system (Alguacil and Alonso, 2000) .
The multi-drop liquid membrane (MDLM) system is one of the liquid membrane techniques. In the recent years, the extraction of heavy metals by MDLM system has been the subject of many studies. Contribution in this regard has been made by many researchers who have extracted number of heavy metal ions, such as Th(IV) (Tavşan, 2012), Cu(II) (Donat et al. 2017 , Eyice, 2013 , Mo(VI) (Donat et al., 2015) U(VI) (Erden et al., 2015) , Pb(II) (Durmaz and Donat, 2016) , Cr(VI) (Tuncay, 2017), Cd(II) (Donat and Eyice, 2018), Zn(II) (Erden and Donat, 2018) , Mn(II) (Donat et al., 2018) and Fe(III) (in this study). MDLM technique is the most popular membrane system and has been used with great success.
The present investigation covers the single extraction of Fe(III) ions over different temperatures, pH of donor phase, concentrations of acceptor phase and organic carrier from a dilute aqueous solution across MDLM system with TOPO as organic carrier. This MDLM technique involves the extraction of Fe(III) ions across the organic membrane via their concentration gradient by a suitable carrier dissolved in a water immiscible organic diluent that is kerosene for this study. 
MATERIALS AND METHODS

Chemicals and solutions used in the study
Procedure
The MDLM system was designed by Pamukkale University academics Halil Cetişli and Ramazan Donat. The scheme of MDLM system is shown in Fig. 1 . The porous glass was applied to the bottom of the reactor for a more homogeneous distribution of the droplets. The organic phase is circulated in both reactors with a peristaltic pump and forms multi droplets through the pores under both reactors. The organic phase passes from either phase as bubbles and mixes the donor and acceptor phase. The organic ligands carry target metals from donor phase to stripping phase, leave it there and then turn back to donor phase again in order to re-carry the target metals (Donat et al., 2015; Erden et al., 2015) . CircuWCR P8 Wise model refrigerated bath circulator was used to keep the temperature constant of MDLM system. BT30-2J model peristaltic pump device was used to transport and flow the organic phase through the donor and acceptor phase.
Kinetic analysis
The kinetics of transport was investigated by the model used, where the reduced concentration were used. For practical reasons, the donor (C d ), organic (C m ) and acceptor (C a ) symbols were used for the Fe(III) ions in the excess of MDLM system ( obviously being unity).
Where C o is initially concentration of Fe(III) ions. C d , C m and C a indicate the Fe(III) ions concentrations in the donor, organic and acceptor phases at time (t>0).
Transport of Fe(III) ions obeys the kinetics law of two consecutive irreversible first-order reactions according to the kinetic scheme (Patel et al., 2009) .
where the symbols of C D , C M , and C A are Fe(III) ions in the donor, organic, and acceptor phases, respectively (Donat et al., 2015) .
The integrated forms of are given in equilibrium (2-4).
(2)
According to Eq. (5), the value of C m in experimental studies increases at first, then decreases with time. Furthermore C m value has a maximum which allows for the calculation of maximum values of Fe(III) ions concentration in the organic phase and time, according to the following equations. (5) and (6) are combined, the following equation can be obtained:
By considering the first-order time differentiation of equations(2-4) at t = t max , one obtains (Patel et al., 2009) 
( (9) (
The maximum membrane input ( ) and output (
) fluxes values are equal to each other but have reverse signs:
The process of achieving complex transition states requires energy supplied from outside the system. This energy is called the activation energy. In both endotherm and exothermic reactions, both have a positive activation energy, since the complex transition state has a higher energy level than the reactant.
The kinetics of extractions throughout the MDLM system is defined as a first order reaction in the metal ion concentration (Erden et al., 2015) : (12) where C o is the initial concentration of Fe(III) ions and C e is the Fe(III) ions concentration at a given time in the donor phase respectively. The k values were determined by the plots of ln(C o /C e ) vs. time.
The activation energy values were obtained from the Arrhenius equation by using the membrane input or output flux values at the different temperature. The following arranged version of the equation . 13) where J is the rate constant, A is the frequency factor, E a is the activation energy, is the gas constant, and T is the Kelvin temperature.
Determination of the percentage of extraction of Fe(III) ions successfully extracted into the organic phase, then measured the amount of Fe(III) ions still dissociated in the external phase using the spectrophotometer. To know the percentage of extraction of Fe(III) ions obtained in this research used equation (14) as follows:
( (14) where E,% = percent extraction; [Fe(III)] ini = initial concentration of Fe(III) in the donor phase and [Fe(III)] fin = the final concentration of the Fe(III) ions in the acceptor phase (Donat et al., 2015; Erden et al., 2015) .
RESULTS AND DISCUSSION
Effect of temperature on extraction of Fe(III) ions
The MDLM system used throughout this extensive experimental part consisted of 100 mL of donor, organic and acceptor phase, 100 mgL 
Extraction of Fe(III) Ions through MDLM System Containing TOPO as Carrier
Based on the data given in Table 1 (13) is used for the determination of activation energy. The activation energy of the transportation process by the help of maximum output rates ( ) and input ( ) and whether the transportation is diffusion controlled or chemically controlled (Lazarova Z, Boyadzhiev, 1993; Kobya et al., 1997) . Activation energy was found out by the slope of versus 1/T plot that is given in Fig. 4 
The effect of HCl concentration in the donor phase
The extraction behavior of Fe(III) ions by TOPO across MDLM system was investigated through different concentrations (0.50, 1.00, 1.50, 2.00, 2.50, and 3.00 M) of HCl solution of donor phase at 298.15 K. The extraction was performed through the concentration of acceptor phase as 2.00 M NaCl, concentration of TOPO as 7.50x10 -3 M, the volume of feed, organic and stripping solutions as 100 mL and the transfer rate of the peristaltic pump fixed as 50 mLmin -1 .
Fe(III) concentration of feed, membrane and acceptor phase solutions against time plot is reported in Fig According to these results, the transport and recovery of higher Fe(III) ions can be obtained effectively at any HCl concentration.
Alguacil et al., 2000, extracted Fe(III) ions by using different concentrations (0.20, 0.80, and 2.00 M) of HCl solution in the donor phase and rising HCl concentration increased the retrieval of Fe(III) ions. Highest extraction was observed at 2.00 M HCl solution and at the interface of the donor and organic phase, the reaction given below occurred.
Mechanism of the extraction is illustrated in Fig. 7 .
The effect of NaCl concentration in the acceptor phase
The stripping process of the transportation of Fe(III) ions plays an important role to complete the extraction. The NaCl in the stripping solution functioned as a backextractant.
The effect of the acceptor phase concentration on the extraction of Fe(III) ions was carried out by changing the NaCl concentration from 0.50 to 3.50 M. The other parameters are kept constant during experiments. ln(C o /C e ) vs time plots are illustrated in Fig. 9 . When the concentration of NaCl was 0.50-3.50, by changing transfer time (from 0 to 90 min) measured the natural logarithm of the ratio of initial concentration (C o ) to given time concentration (C e ) of Fe(III) the kinetic curve can be obtained (see Fig. 9 ) (Erden et al.,2015) . lnC o /C e~t curve line is a good straight line respectively, this shows that the concentration of chlorine ions in the stripping solution don't interfere.
Time of extraction for different receiving phase concentration (0.50-3.00 M NaCl) is 170, 150, 140, 110, 100, and 90 min, respectively. It can be concluded that the rise of NaCl concentration in the acceptor phase accelerates rate of Fe(III) ions extraction marginally. Hereby, best results are obtained at 2.00 M NaCl in the acceptor phase.
The effect of the concentration of TOPO on Fe(III) transport
To analysis the effect of the TOPO carrier concentration in the organic solution of the pseudo-emulsion phase, several experiments were performed using Comesaña et al., 2011) donor phase of 100 mgL -1 Fe(III) in 2.0 molL
HCl and strip solutions of 2.00 M NaCl and organic solutions of TOPO carrier (3.75x10 -3 , 7.50x10 -3 , 1.125x10 -2 , and 1.50x10 -2 molL -1 ) in kerosene. The effect of the concentration of TOPO in the organic phase on the extraction of Fe(III) ions is shown in Figure 10 . Furthermore, ln(C o /C e ) vs time plots are illustrated in Fig.11 .
According to Figure 11 , the extraction and eluation of Fe(III) in the different acceptor phase concentration processes conforms to the successive first order reaction kinetics. Extraction efficiency of Fe(III) ions rises with increasing TOPO concentration. However, some deviations were observed in k 1 values. This may be caused by decreasing the complexation amount of Fe(III) ions with TOPO in the donor phase as passing through or stripping of Fe(III) ions could be slowed down the reaction in the acceptor phase. Thus, 3.75x10 -3 M TOPO concentration for the next parameter was chosen as the most suitable carrier concentration. We can conclude that the carrier concentration in the organic phase has very important effect on the transport of Fe(III) ions from MDLM system, especially at transport times and flux rates.
CONCLUSION
Based on the results of the research that has been done, some conclusions can be drawn:
MDLM technology can be used to extract Fe(III) ions in solution.
The optimum condition that is obtained to extract Fe(III) ions from the feed solution to obtain >99% efficiency are hydrochloric acid concentrations in 2.00 M donor phase, the concentration of TOPO in the organic phase 1.5x10 -2 M, NaCl concentrations in 2.00 M acceptor phase, 50 mLmin -1 of flux rate at 298.15 K.
As a result; The TOPO ligand has been found to be an effective carrier ligand for the transport and recovery of Fe(III) ions. In addition, in the separation and purification of heavy metals, it has been determined that the system is more economical, modular and simple compared to other methods, and it can be used to recover metal ions in optimal conditions in a short time. 
